non-contractile fibroblasts convert into activated myofibroblasts that express alpha-smooth muscle actin (α-SMA). Accumulating evidences have demonstrated that alveolar epithelial cells (AECs) injury leads to aberrant activation of AECs, losing their normal epithelial regenerative capacity, executing epithelial-to-mesenchymal transition (EMT), which resulting in AECs transformed to migratory and/or invasive mesenchymal cells (fibroblast-like spindle cell morphology), creating a profibrotic environment with accumulation of collagen-producing fibroblasts and myofibroblasts. 8, 9 Transforming growth factor-β (TGF-β) signalling is a powerful inducer of EMT, mostly through its canonical Smad-dependent pathway. 10, 11 Transforming growth factor-β signals through type I and type II serine/threonine kinase receptors, phosphorylating Smad2 and Smad3. 11 In addition, some reports have implicated interactions between TGF-β and β-catenin signalling pathways in EMT, and β-catenin binds Smad3 and cAMP response element-binding and (CREB)-binding protein (CBP) to release myocardin-related transcription factor (MRTF) from Smad3, allowing MRTF to activate the α-SMA promoter. [12] [13] [14] Therefore, It is considered that TGF-β-induced EMT of AECs may dependent crosstalk between Smad2 and β-catenin signaling pathways in process of IPF.
Tetraspanins, a family which have four transmembrane (TM) domains, can form massive protein-protein complexes that transduce extracellular signals to intracellular signalling pathways on the surface of cells. 15 Some reports confirmed that they can affect EMT to mediate fibrotic phenotypes by forming tetraspanin-enriched membrane micro-domains (TEMs) with a variety of transmembrane and cytosolic proteins. [16] [17] [18] Tetraspanin 1 (TSPAN1), which is one of the tetraspanin family member, plays multiple roles in human cancer, involving cell-cycle, proliferation, migration and invasion. [19] [20] [21] Surprisingly, we found that TSPAN1 was an abnormal gene through IPF patient
Gene Expression Omnibus (GEO) online data analysis. Furthermore, we demonstrated that the protein expression of TSPAN1 was significantly decreased during TGF-β 1 -induced cell treatment in A549
and primary rat alveolar epithelial type II (ATII) cells. And it was verified in the lung section of IPF patients and bleomycin-model of PF.
Therefore, we tried to explore the possible mechanism based on the TSPAN1-mediated EMT in IPF by the molecular biology approach.
| MATERIAL S AND ME THODS

| Reagents
Recombinant Human TGF-β 1 (100-21) was obtained from PeproTech (Rocky Hill, NJ, USA). The antibodies used were as follows: E-cadherin (1:1000, #14472), N-cadherin (1:1000, #14255), Vimentin
(1:1000, #5741), Smad2/3(1:1000, #5678), p-Smad2/3 (Ser465/467/ ser423/425, 1:1000, #8828), beta-catenin (1:1000, #9562) were purchased from Cell Signaling Technology (CST, Danvers, MA).
Transforming growth factor-β (1:1000, sc-146) and α-SMA (1:1000, sc-53015) were purchased from Santa Cruz Biotechnology (Dallas, was purchased from Novus Biologicals (LLC, Littleton Co., Centennial, CO, USA). Bleomycin was obtained from Sigma (St. Louis, MO).
| GEO data overview
The transcription profile of GSE32539 13 (a total of 169 samples, including 119 samples collected from patients with IPF/UIP and 50 non-diseased lung tissues) was obtained from NCBI GEO database (http://www.ncbi.nlm.nih.gov/geo/) which is based on Affymetrix microarray platforms (Human Gene 1.0 ST Array). The format of dataset was transformed and normalized and applied to identify genes which were significantly differentially expressed between disease samples and normal control. Eleven-thousand nine hundred and fifty transcripts were retained in the dataset. More information about this GEO data as described in this report. 22 We defined P-value <0.05 to be statistically significant. Differentially expressed analysis was performed by Shanghai Biotechnology co. (Shanghai, China).
| Cell culture and treatment
Human AECs A549 and lung fibroblasts cells MRC-5 were obtained from Shanghai Cell Institute Country Cell Bank (Shanghai, China). A549
and MRC-5 cells were grown in DMEM, which containing 10% fetal bovine serum (FBS), 100 U/mL penicillin and 100 μg/mL streptomycin.
Cells were cultured at 37°C in a humidified 5% CO 2 incubator. Primary rat ATII cells and rat fibroblasts were isolated from the lungs of neonatal rats within 24 hours of birth. The isolation and culture of primary rat ATII cells were performed, as described previously. 23 Purified ATII cells and fibroblasts were cultured in DMEM-F12 medium (Gibco, Waltham, MA) with 10% FBS for subsequent experiments. The ATII cells were identified by immunofluorescence staining with surfactant protein-C (SP-C) and transmission electron microscopy (TEM). Primary rat fibroblasts were identified by immunofluorescence staining with α-SMA. For TGF-β 1 treatment, all cells were serum starved in 1% FBS overnight prior to stimulation with 5 ng/mL recombinant TGF-β 1 for 12 or 24 hours. The clinical characteristic of the patients was described in Table 1 .
| Patient
| Bleomycin-model of PF
All animal experiments were carried out in accordance with ethical guidelines from Guangdong Medical University Ethics Committee of Animal Care. In this study, 6 to 8-week-old and 18-25 g C57BL/6 mice were anesthetized with ketamine/xylazine (ip, 23 mg/kg). Bleomycin or saline was instilled intratracheally at a dose of 3.5 U/kg to mice in 0.1 mL saline by.
After 21 days, the model mice were considered to reflect the peak of fibrosis, mice were killed and the samples were removed for experiments.
| Overexpression and knockdown of TSPAN1 in lung cells
The full length of human TSPAN1 was cloned into pCDNA3.1 + vector (Promega, USA). Expression of TSPAN1 in A549 cells was silenced using specific TSPAN1 siRNA [TSPAN1 siRNA-1 and and 5ʹ-UCGGAUGUCACACCAAGGCTT-3ʹ (antisense). The scramble siRNA group sequences were 5ʹ-UUCUCCGAACGUGUCACGUdTdT-3ʹ
(sense) and 5ʹ-ACGUGACACGUUCGGAGAAdTdT-3ʹ (antisense).
Transfection was performed using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's protocol.
| Western blotting
The tissues and cells were lysed on ice in lysis buffer (Beyotime, China) supplemented with 1 mmol/L phenylmethanesulfonyl fluoride (Sigma), and centrifuged at 8049.6 g for 15 minutes at 4°C.
According to standard Western blot procedures, every group of protein was pooled for 10%-12% SDS-PAGE. After blocking in 5% nonfat milk, the membranes were incubated with the following primary antibodies. The proteins were visualized with enhanced chemiluminescence reagents (Pierce, Waltham, MA, USA ). Western blot was quantified using ImageJ analysis of scanned blots.
| Transwell assays
Cell migration potential was evaluated using transwell chambers 
| Wound healing assays
Cells were seeded into six-well plates and cultured in DMEM medium with 10% FBS. Then, cells were starved overnight in serum-free DMEM.
A straight wound was created using a sterile 200 µL pipette tip, and the cells were washed with PBS to remove floating cells and debris and smooth the edge of the scratch. At 0 and 24 hours, images were taken on a microscope (Leica, German). The experiments were performed in duplicate and repeated three times. Migration ability was assessed by measuring changes in the width of the wounded areas.
| Analysis of gene expression
Total RNA was extracted from samples using the TRIzol reagent (GAPDH) was used as an endogenous reference, and each sample was normalized to its GAPDH content. Primer sequences used are shown in Table 2 . All experiments were performed in duplicate and repeated three times. Results represented the fold induction using the 2 −ΔΔCt method.
| Immunofluorescence assays
Cells were fixed in 4% formaldehyde on coverslips for 15 minutes, followed by incubation in PBS solution supplemented with 1% Triton X-100 (PBS-Triton) and 2.5% bovine serum albumin (BSA) for blocking for 20 minutes. Then cells were incubated with primary antibodies at dilution of 1:50-100 (for all the primary antibodies used) in 2.5% BSA at 4°C and overnight, followed by five washes with PBS solution. Cells were then incubated with secondary antibodies preconjugated at dilution of 1:100 (for both secondary antibodies) in 2.5% BSA for 30 minutes at room temperature, followed by five washes with PBS solution. The nuclei were stained with 4ʹ,6-diamidino-2-phenylindole (DAPI). Images were recorded with a confocal microscope (TCS SP5 II; Leica, Wetzlar, Germany).
| Flow cytometry analysis
The expression of the cell surface markers CD51/CD61 and 
| Statistical analysis
Data were shown as mean ± SEM unless otherwise noted. The twotailed Student's t test was used to analyse the difference between two groups for cells and non-parametric tests were to analyse the difference between two groups for tissues. The P value of <0.05 was considered statistically significant.
| RE SULTS
| Differential expression analyses reveal expression of TSPAN1 was reduced in IPF
Aberrant genes expression was found by analysing the raw data of GSE32539 in lung tissue from IPF patients compared to the normal lung tissue. Here, 339 genes were up-regulated more than two-fold and 102 genes were down-regulated less than 0.5-fold in PF, in comparison with normal lung tissue. A volcano plot of the identified quality-controlled genes (P < 0.05, fold change ≥2 or ≤0.5) is presented in Figure 1A . Then, we selected a part of differential expression genes to be further verified as candidate genes. In these genes, TSPAN1
was a down-regulated gene in IPF ( Figure 1B , P < 0.05, fold change <0.5). 
| Validation of TSPAN1 expression in vivo or vitro
To identify the expression level of TSPAN1, we observed the expression of TSPAN1 in lung tissue of bleomycin-induced PF mice and IPF patients. and Western blot analysis showed TSPAN1 was high-expressed in AECs and low-expressed in lung fibroblasts ( Figure 1H,I ). In addition, the result showed that mRNA expression analysis of TSPAN1, using quantitative real-time PCR (QPCR) was significantly decreased under TGF-β 1 -treatment in AECs and showed a dose-dependent and time-dependent tendency ( Figure 1J , P < 0.05) and Western blot analysis was used to detect protein expression of TSPAN1 and EMT-related, see Figure 1K and L, after TGF-β 1 induced cells for 12 and 24 hours at 5 ng/mL, TSPAN1 and E-cadherin were reduced, Vimentin,α-SMA and collagen I was up-regulated in A549 and ATII cells. These data confirmed that TSPAN1 was reduced in PF and fibroblasts-like cells.
| Knockdown TSPAN1 promoted molecular characterization of EMT state in A549
We investigated the role of TSPAN1 on molecular characterization of EMT. The localization of TSPAN1 in A549 cells was examined.
Co-immunofluorescence staining showed that TSPAN1 is co-localized with the membrane probe-DiI, indicating that TSPAN1 is localized on the cell membrane surface (Figure 2A ). Four siRNA designed to knockdown TSPAN1 were checked in 293T cells. As shown in Figure 2B and C, the expression of TSPAN1 by Western blot analysis was obviously decreased in si-TSPAN1-1 and si-TSPAN1-2 group, compared to NC-siRNA group ( Figure 2B and C, P < 0.01). Therefore, si-TSPAN1-1 and si-TSPAN1-2 were selected in subsequent studies. Next, we used the two siRNA to knock- 
| Silencing TSPAN1 enhanced cell migration and TGF-β 1 -induced EMT-related proteins expression in alveolar epithelial cells
We further investigated the role of TSPAN1 in cell migration and TGF-β 1 -induced EMT-related proteins. Wound healing and transwell assays were used to examine the effect of silencing TSPAN1 on cell migration. As shown in Figure 3A , the narrower width was evaluated after TSPAN1-knockdown (transfected with si-TSPAN1-1 and si-TSPAN1-2) in A549 cells compared to negative control (NC; Figure 3B , P < 0.05).
Similarly, the number of cells invaded across the polycarbonate mem- 
| D ISCUSS I ON
Idiopathic PF is a progressive lung disease characterized by fibroblast accumulation, collagen deposition and parenchyma destruction. 24 Epithelial-to-mesenchymal transition has been implicated in the pathogenesis of fibrosis in various organs, including the lung. 25 Although advances have been made in elucidating causes and mechanisms of EMT, potentially leading to some new treatment options, 9, 26 however, the mechanism of EMT in IPF remain not entirely understood. In our study, the GEO data (GSE32539) was used to analyse. We found TSPAN1 is an aberrant expression gene in human IPF tissue compared to normal lung tissue ( Figure 1A,B) , and we verified the lower protein expression of TSPAN1 in patient IPF tissue, bleomycin-induced PF mouse and lung fibroblasts (Figure 1 E, H and K) . This is the first time that TSPAN1 is implicated in the molecular pathogenesis of PF. Furthermore, we demonstrated that TSPAN1 inhibited TGF-β 1 -induced EMT characteristics by regulating Smad2/3 and beta-catenin pathway in AECs.
Recently, down-regulation of TSPAN1 expression markedly blocks GC cell proliferation, cell-cycle progression and invasive activity in gastric cancer. 27 However, it is observed opposite effect that TSPAN1 control cell migration in prostate cancer. 21, 28 These reports confirmed that TSPAN1 participate cell migration and invasion in some human cancer, meantime, indicating TSPAN1 may be involved in complex signalling pathway and dependent-tissue specificity. Epithelial-to-mesenchymal transition was considered to be a mechanism of epithelial cells' transformation in IPF. Therefore, we assumed that TSPAN1 may play the key role in EMT-participated in the pathogenetics of PF.
Early reports proved EMT makes a potential contribution to collagen-producing fibroblasts and myofibroblasts in IPF, and AECs can transdifferentiate into myofibroblasts when they acquire the mesenchymal phenotype via EMT. 29, 30 In this study, we investigate and beta-catenin, following inhibition of EMT in AECs.
| CON CLUS IONS
In conclusion, TSPAN1 may be an important signal conductor in pathogenesis of PF, and the TSPAN1 regulated EMT by impeding TGFβ 1 -activated Smad2/3 and β-catenin-dependent signalling in
AECs. However, we still have some uncertainty that whether the TSPAN1 suppress the binding of Smad3 and beta-catenin and how the TSPAN1 regulates the interaction between Smad3 and betacatenin, more experimental data are required to answer these questions in future works. Based on these results, our study indicates that TSPAN1 may be a potential molecular therapy targets in PF.
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